Experimental Charge Density Analysis

Data collection and reduction
The dataset used in this study was measured on a Bruker D8 Ultra diffractometer equipped with a molybdenum Turbo X-Ray Source (TXS) rotating anode generator and INCOATEC Helios mirror optics. A suitable crystal was identified with the help of a X-Temp2 device 1 , mounted on the top of a MiTeGen micromount™ and placed in a cold stream (100K) of a Bruker Kryoflex2.
The data collection strategy was optimised by the COSMO plugin 2 of the APEX2 software suite 3 subsequent to the unit cell determination.
The raw data was integrated with SAINT v8.37A 4 with automatic box size refinement enabled. Scaling and absorption correction has been done with SADABS 2015/1 5 . Within SADABS no error model has been applied to the experimental standard uncertainties.
The maximum resolution was determined from the intensity statistics given by XPREP 6 (cf. Table 1 ). Highest resolution was chosen to 0.45 Å due to the R merge which is above 20%.
R merge and R sigma are defined as followed: For the Independent Atom Model refinement (IAM) an unmerged *.hkl file has been generated. The *.hkl file for the multipole model refinement was also generated with SADABS where symmetry equivalent were merged and negative intensities as well as systematic absent reflections were omitted.
The structure was solved with SHELXT 7 and the refinement was done with SHELXL 8 . Multipole model 9 (MM)refinement has been carried out with the XD2006 software suite. 10, 11 Table 2 summarizes crystallographic data after IAM refinement and Multipole Model refinement for compound 1. The scale factor is refined in every step but only mentioned in the first.
Local coordinate systems
The refinement strategy was validated by R cross . 12 The new added parameter is marked in red while the last refinement step with model improvement and no overfitting is marked in green.
Step Parameter # parameter # data data/parameters  cut off R(F 2 ) (6, 7, 9, 10, 16, 17, 19, 20) 465 24648 53.01 0 2.47 13 XYZUMDQOHκ C (6, 7, 9, 10, 16, 17, 19, 20, 15) 14 XYZUMDQOHκ C (6, 7, 9, 10, 16, 17, 19, 20, 15) (nosym N (2) (6, 7, 9, 10, 16, 17, 19, 20, 15) (nosym N(2),N (1) (6, 7, 9, 10, 16, 17, 19, 20, 15) (nosym N(2),N(1),C (5)) 525 24648 46.95 0 2.42 17 XYZUMDQOHκ C (6, 7, 9, 10, 16, 17, 19, 20, 15) (nosym all) 563 24648 43.78
The final refinement strategy consists of the steps 1-14.
Cross-validation 12
ΔR values for the initial refinement strategy. The refinement steps 15 and 16 add no benefit to the model, while step 17 shows signs of overfitting.
Parameter distribution of outliers 12
The distribution of the derived parameters was checked for the 20 different refinements. Only one of 505 parameters shows an outlier with respect to the value v total and the estimated standard uncertainty s total derived from the refinement against all data. Therefore, model bias due to the omission of data can be excluded.
1.6
Residual density before and after anharmonic refinement 13 Residual density isosurfaces. The green density is positive and red negative, isosurface level 0.079 eÅ -3 . (a) before and (b) after anharmonic refinement. a) b) 14 The table below shows the minimum data resolution required for meaningful refinement of anharmonic thermal parameters (3rd order Gram-Charlier coefficients), for each anisotropic atom. 11 (6) C (7) C (9) C (10) C (15) C (16) C (17) C ( 
Kuhs' rule
C (8) 1.4919 3 C (11) C (12) 1.3872 4 C (11) C (15) 1.4909 5 C (12) C (13) 1.4244 -1 C (13) C (14) 1.3849 -3 C (14) C (18) 1.4946 3
The Lithium -Nitrogen bonds show significantly higher values for the DMSDA. This is most likely due to the fact that the mass is not considered within the Hirshfeld test. The ratio of the masses of Lithium to Nitrogen is only 1:2. For the bonds of atoms of equal or nearly equal mass the Hirshfeld test is fulfilled. (5) C (1) 21 The stationary points were located with the Berny algorithm 22 using redundant internal coordinates. Analytical Hessians were computed to determine the nature of stationary points (one and zero imaginary frequencies for minima) 23 and to calculate unscaled zero-point energies (ZPEs) as well as thermal corrections and entropy effects using the standard statistical-mechanics relationships for an ideal gas. 24 The NBO partial charges 25 were computed with GENNBO5. For the bonding analyses we calculated the molecules using the gradient corrected functional BP86 19 in conjunction with the Grimme dispersion corrections (BP86+D3(BJ)) 21 using uncontracted Slater-type orbitals (STOs) as basis functions. 28 The latter basis sets for all elements have triple-ζ quality augmented by two sets of polarization functions (ADF-basis set TZ2P+). This level of theory is denoted BP86+D3(BJ)/TZ2P+. An auxiliary set of s, p, d, f, and g STOs was used to fit the molecular densities and to represent the Coulomb and exchange potentials accurately in each SCF cycle. 29 The calculations were performed with the program package ADF2013.01. 30 The interatomic interactions were investigated by means of an energy decomposition analysis (EDA, also termed extended transition state method -ETS) developed independently by Morokuma 31 and by Ziegler and Rauk. 32 The bonding analysis focuses on the instantaneous interaction energy ΔE int of a bond A-B between two fragments A and B in the particular electronic reference state and in the frozen geometry of AB. This interaction energy is divided into three main components [Eq. (1)].
The term ΔE elstat corresponds to the quasiclassical electrostatic interaction between the In the EDA-NOCV scheme the orbital interaction term, ΔE orb , is given by Equation ( Figure S3 . Plot of deformation densities ∆ρ of the pairwise orbital interactions between (Py) 2 2-and Li 2 2+ in 1, associated energies ∆E (in kcal/mol) and eigenvalues ν (in a.u.). The red color shows the charge outflow, whereas blue shows charge density accumulation. Figure S4 . Plot of deformation densities ∆ρ of the pairwise orbital interactions between (Ligand) 2 2-and Li 2 2+ in 2, associated energies ∆E (in kcal/mol) and eigenvalues ν (in a.u.). The red color shows the charge outflow, whereas blue shows charge density accumulation. 
